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Abstract 
In the present study, nanostructured Fe-30 wt.% Mn alloys produced by mechanical alloying of Fe and Mn powders mixture. The 
phase composition and morphology of nanostructured powder were analyzed by X-ray diffraction and scanning electron 
microscopy. It was found that by milling time up to 10h, crystallite size was decreased to 6 nm, on the contrary lattice stra in was 
increased. Solid solubility levels were determined from changes in the lattice parameter values. The lattice parameter increases 
slightly from 0.28167 to 0.35776 nm. Increasing milling intensity by higher ball to powder mass ratio resulted in Fe-Mn alloy 
formation with smaller crystallite size. The SEM results showed that, plate like particles were formed in initial milling time and 
particles morphology was changed to equiaxed form in final stage of milling process. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Ball milling technique has been used to take solid state reaction at near room temperature. In mechanical alloying 
technique amorphous phases and super saturated solid solution are available, Suryanarayana (2001). Fe-Mn alloy is 
one of the interesting alloys in biodegradable biomaterials which are expected to support healing process of a 
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diseased tissue and to degrade thereafter, Hermawan et al. (2010). There are some papers in which data related to  
Fe-Mn alloys obtained by mechanical alloying, Cherdyntsev and Kaloshkin (2010), Cotes et al. (2002), 
Tcherdyntsev et al. (2006). Single phase FCC structure for Fe-30%Mn and Fe-35%Mn composition were proposed 
by Hermawan et al. (2008), because of non-ferromagnetic properties which results in compatibility with magnetic 
resonance imaging that is desired for medical application. Iron base alloys have been used for clinical stent 
implantation, Peuster et al. (2006) because of their good mechanical properties, biocompatibility, also biodegradable 
properties, which can be absorbed in body without foreign body reactions, Hermawan and Mantovani (2013), 
Schinhammer et al. (2013), Hermawan et al. (2010), Drynda et al. (2015). 
Due to the special properties of nanostructured alloys it is essential to synthesis Fe-Mn alloy by mechanical 
alloying that was not studied by other researchers for biomedical applications. In present study, X-ray diffraction 
(XRD), Scanning Electron Microscopy (SEM) and Energy Dispersive Spectrometry (EDS) has evidenced the 
formation of nanostructured Fe-30Mn alloy that can be used as biodegradable powder in production of medical 
implants. Milling time and ball to powder mass ratio are important factors for achieving the desired particle size and 
single FCC phase of milled powders. 
2. Experimental 
The Fe-Mn alloys with Fe-30%wt Mn were prepared by ball milling of Fe and Mn elemental powders of about 
99.9% purity in a planetary high energy ball milling (PM2400) using hardened steel balls and vial. Milling process 
was performed under argon atmosphere with the rotation speed of 250 rpm by addition of 10 ml of toluene as 
processing control agent. Milling of powder with two different ball-to-powder mass ratios of 20 (called hereafter 
S20 sample) and 30 (called hereafter S30 sample) was examined. The amount of balls and mass of raw mixture were 
adjusted proportionally during changes of ball-to-powder mass ratios. The size of balls (diameter) were 10 and 
15mm for all milling runs. XRD analysis was performed by using a Philips PW-3710 diffractometer with Cu kα 
radiation. The crystallite size and lattice strain of milled powder was calculated by Williamson-Hall equation, 
Williamson and Hall (1953). Lattice parameter can be obtained from shifts in peak positions in the XRD patterns, 
Sivasankaran et al. (2011). The morphology of the products was examined by a SEM VEGA3-XMU TESCAN 
equipped with EasyEDX EDS. 
3. Results and discussion 
3.1. XRD analysis 
Figure 1 shows the XRD patterns after different milling times. Initial powder mixture shows α-Fe (BCC) and α-
Mn (BCC).  It can be found that, S20 sample after different milling times of 5 and 10h show α-Fe. To ensure solid 
solubility and enriching the γ-Fe (FCC) nonmagnetic phase, ball to powder mass ratio increased to 30 in S30 
sample. It can be seen in Fig. 1 that, 5h milling of S30 sample results in both α-Fe and γ-Fe phases. However, by 
increasing of milling time to 10h only nonmagnetic γ-Fe phase appears and α-Mn disappears completely. 
Crystallite size, lattice strain and lattice parameter of different samples calculated from XRD data are 
summarized in Table 1. It can be seen that for both S20 and S30 samples, by increasing milling time from 5 to 10h, 
the crystallite size decreased and lattice strain increased. Furthermore, higher milling energy with ball to powder 
mass ratio of 30 compared to 20, shows smaller crystallite size and higher lattice strain. Therefore, higher milling 
energy shortens the diffusion paths required for Fe-Mn solid solution formation. 
3.2. Morphology analysis 
The typical SEM images of initial powder mixture and 10h milled S30 sample are presented in Fig. 2. Fig. 2a 
shows the SEM image of initial Fe-Mn powders mixture. Relatively large plate-like particles and small particles 
exhibit wide size distribution in this powders mixture. As the milling time increased to 10h (see Fig. 2b), the 
particles shape underwent changes from plate-like structure to equaxied. Also the average particles size was reduced 
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by milling. The formation of relatively large and loose agglomerates may be attributed to the crystal structure of Fe 
and Mn in which particles are easily deformed and cold welded to each other. 
 
Fig. 1. XRD patterns of initial powder mixture, S20 and S30 samples after different milling times of 5 and 10h.  
Table 1. Crystallite size, lattice strain and lattice parameter of different samples. 
sample Crystallite Size (nm) Lattice Strain (%) Latticte Parameter (nm) 
Initial powder mixture - - 2.8167 
S20-5h 60 0.19 2.817 
S20-10h 16 0.61 2.8298 
S30-5h 14 1.49 2.595 
S30-10h 6 1.93 3.5776 
 
  
Fig. 2. SEM images of (a) initial powder mixture; and (b) 10h milled S30 sample. 
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Figure 3 shows the 10 h milled S30 microstructure and corresponding X-ray mapping images of Fe and Mn 
elements. In the mapping analysis, it can be seen that all the elements were homogeneously distributed on an atomic 
scale. As shown in the XRD pattern of the final product (Fig. 1), these elements are in the form of Fe-Mn solid 
solution. 
 
  
Fig. 3. SEM image of 10 h milled S30 sample and the corresponding Fe and Mn mapping. 
4. Conclusion 
In this research, the effect of different parameters of ball to powder mass ratio and milling time on Fe-Mn solid 
solution formation using high energy ball milling was studied. The nanostructured Fe-30 wt.% Mn alloy synthesized 
after 10h milling and evaluated by XRD and SEM techniques. Crystallite size, lattice strain and lattice parameter of 
different samples estimated from XRD data. The increase of milling energy by increasing ball to powder mass ratio 
and milling time caused better solid solubility. Results indicated that 10h of milling and ball to powder mass ratio of 
30 can produce powders by crystallite size of 6 nm. It can be found that all the elements were homogeneously 
distributed on an atomic scale. 
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